Objective: Previous studies from our laboratory and others found that NO is a potent inducer of heme oxygenase-1 (HO-1) gene transcription in vascular smooth muscle cells (SMC), however, the mechanism responsible for the induction of HO-1 gene expression has not been elucidated. In the present study, we determined the signaling pathway responsible for the induction of HO-1 and its biological significance. Methods: Cultured rat aortic SMC were exposed to nitrosative stress by treating cells with various NO donors or with inflammatory cytokines. Results: Nitrosative stress stimulated an increase in HO-1 mRNA expression and promoter activity in vascular SMC. However, mutation of the antioxidant response element (ARE) in the HO-1 promoter or overexpression of a dominant-negative mutant of NF-E2-related factor-2 (Nrf2) abrogated the activation by NO. Electromobility shift assays using an ARE probe detected a complex that was significantly increased in intensity by NO. In addition, the migration of this complex was retarded by using an antibody directed against Nrf2. NO also increased Nrf2 mRNA expression, total and nuclear Nrf2 levels, and the binding of Nrf2 to the HO-1 promoter. Finally, treatment of SMC with NO stimulated apoptosis that was increased by HO-1 inhibition.
Introduction
Nitric oxide (NO) is a well characterized signaling molecule that mediates numerous physiological effects. The release of NO by vascular cells plays a key role in regulating blood flow by inhibiting vascular tone, smooth muscle cell (SMC) proliferation, matrix deposition, platelet aggregation, and leukocyte adhesion [1] . In addition, NO is an important modulator of cell survivor functioning in either a pro-apoptotic or anti-apoptotic fashion depending on concentration, delivery method, cellular redox status, and cell type [2] . The pro-apoptotic activity of NO is mainly mediated via the loss of mitochondrial potential, release of cytochrome c, and activation of caspases [2] [3] [4] . The protective pathway is not as clearly defined but involves scavenging of reactive radical species, direct S-nitrosation and inhibition of caspases, and the upregulation of cytoprotective genes [2, 5] . In this respect, numerous studies have documented that NO is a potent inducer of heme oxygenase-1 (HO-1) in vascular cells [6] [7] [8] . HO-1 catalyzes the oxidative degradation of heme to iron, biliverdin, and carbon monoxide [9] . Induction of HO-1 in the vasculature provides an important cellular defense mechanism against cytokine and oxidant stress-mediated cytotoxicity [6, 10] . Several potential mechanisms account for the beneficial actions of HO-1, including the catabolism of the pro-oxidant heme to the antioxidant bile pigments biliverdin and bilirubin, the coordinate induction of ferritin which chelates free iron, and the liberation of carbon monoxide which exerts anti-inflammatory and anti-apoptotic effects [11, 12] .
The majority of studies suggest that the induction of HO-1 by NO donors occurs predominantly via transcriptional mechanisms [7, 8, 13] , though increases in HO-1 mRNA stability have also been noted [8, 14] . Nuclear run-on studies have confirmed that de novo transcription is largely responsible for the NO-mediated activation of the HO-1 gene in vascular SMCs [7, 8] . However, the transcription factors and the regulatory regions that are responsible for the induction of the HO-1 gene have not been elucidated. The transcription factor Nrf2, which interacts with the antioxidant responsive elements (AREs), has recently emerged as a major player in the transcriptional activation of HO-1 [15] . Activation of Nrf2 is regulated by the cytosolic protein Keap1 that negatively modulates the nuclear translocation of Nrf2 and facilitates degradation of Nrf2 via the proteasome [16, 17] . Upon activation, Nrf2 enters the nucleus where it binds to the ARE in the HO-1 promoter to trigger gene expression. Nrf2 has recently been reported to regulate the induction of HO-1 in response to various forms of cellular stress, including hemodynamic, oxidative, and endoplasmic reticulum stress [18] [19] [20] . Moreover, fibroblasts and lung tissue from Nrf2-deficient animals express reduced levels of HO-1 [21, 22] , further implicating Nrf2 in the induction of HO-1.
In the present study we examined the role of Nrf2 in regulating NO-mediated HO-1 expression in vascular SMC. We now report that NO stimulates HO-1 gene expression in SMC via the activation of the Nrf2/ARE complex. The mobilization of Nrf2 by NO is independent of the mitogenactivated protein kinase (MAPK) or phosphatidyinositol-3-kinase (PI3K) pathways, but is dependent on oxidative stress. In addition, we show that HO-1 functions in an adaptive manner to promote cell survival during periods of nitrosative stress.
Materials and methods

Materials
Phenylmethylsulfonyl fluoride, aprotinin, leupeptin, and pepstatin A were from Roche Applied Science (Indianapolis, IN); zinc protoporphyrin-IX was from Frontier Scientific Porphyrin Products (Logan, Utah); Spermine NONOate (SNN), Sin-1, Angeli's salt, S-nitroso-N-acetyl-penicillamine (SNAP), and sodium nitroprusside (SNP) were from Calbiochem (La Jolla, CA); interleukin-1β was purchased from R&D Systems (Minneapolis, MN); tumor necrosis factor-α and interferon-γ were from Genzyme (Boston, MA); GAPDH and 18S cDNA were from Ambion (Austin, TX); Nrf2 and lamin B1 polyclonal antibodies were from Santa Cruz (Santa Cruz, CA); antibodies against phospho-ERK, phospho-JNK, phospho-p38 MAPK, or phospho-Akt were from Cell Signaling (Beverley, MA). [α-
32 P]dCTP (3000 Ci/mmol), [γ-32 P] (3000 Ci/mmol), and Gene Screen Plus membranes were from PerkinElmer Life Sciences (Boston, MA). All other agents were purchased from Sigma (St. Louis, MO).
Cell culture
Vascular SMC were isolated by elastase and collagenase digestion of rat thoracic aortas and were cultured serially in minimum essential media supplemented with 10% serum, 2 mM L-glutamine, 5 mM Tes, 5 mM HEPES, 100 U/ml penicillin and 100 U/ml streptomycin [7, 10] . The investigation conforms with the Guide for the Care and Use of Laboratory Animals published by the US National Institutes of Health (NIH Publication No. 85-23, revised 1996).
mRNA analysis
Total RNA (30 μg) was fractionated by electrophoresis, blot transferred to Gene Screen Plus membranes and prehybridized for 4 h at 68°C in rapid hybridization buffer (Amersham, Boston, MA). Membranes were hybridized overnight at 68°C in hybridization buffer containing [ 32 P] DNA probes (1 × 10 8 cpm) for HO-1, Nrf2, or 18 S rRNA. DNA probes were generated by RT-PCR and labeled with [α-32 P]dCTP using a random priming kit [7, 23] . Following hybridization, membranes were washed and then exposed to X-ray film. HO-1 and Nrf2 mRNA levels were quantified by scanning densitometry and normalized with respect to 18 S rRNA.
HO-1 promoter analysis
The sequences for the wild-type E1 enhancer coupled to a minimum HO-1 promoter (E1) as well as the mutant E1 enhancer (M739) that had its three antioxidant responsive element (ARE) core sequences mutated have been previously described [24] . These promoter/luciferase constructs (1 μg/ml), pCMVβgal (1 μg/ml), and a plasmid expressing a dominant-negative Nrf2 mutant that had it transactivation domain deleted [24] were transfected into SMC using lipofectamine, cultured for an additional 24 h, and then treated with various NO donors. Cells were then collected, lysed, and luciferase activity determined, as previously described [20] .
Electromobility shift assay (EMSA)
A double stranded consensus ARE containing the sequence 5′TTTATGCTGTGTCATGGTT-3′ (core ARE sequence is underlined) was end-labeled with [γ- 32 P]ATP and incubated with nuclear protein (3 μg) for 30 min at room temperature in a reaction mixture containing 20 mM Hepes (pH 7.9), 0.1 mM EDTA, 40 mM KCl, 1 mM MgCl 2 , 0.5 mM DTT, 10% glycerol, and 1 μg poly(dI-dc). DNAprotein complexes were resolved by electrophoresis in 5% polyacrylamide gels run at 220 volts for 3 h. In antibody supershift assays, 1 μg of Nrf2 or Nrf1 antibody was added to the reaction mixture and incubated for 3 h at 4°C prior to the addition of the probe.
Nrf2 analysis
For detection of Nrf2 in total cell lysates, SMC were lysed in electrophoresis buffer (125 mM Tris [pH 6.8], 12.5% glycerol, 2% SDS, and 0.1% bromophenol blue), proteins resolved by SDS-polyacrylamide gel electrophoresis (PAGE) and transferred to nitrocellulose membranes. Blots were blocked in PBS and non-fat milk (5%) and then incubated with antibodies against Nrf2 (1:100) or β-actin (1:200) for 1 h. Membranes were then washed in PBS, incubated with horseradish peroxidase-conjugated goat anti-rabbit (1:7500) or goat anti-mouse antibody (1:5000) and incubated with commercial chemoluminescence reagents (Amersham Biosciences, Boston, MA). For nuclear Nrf2 detection, nuclear fractions were obtained as previously described [20] and Nrf2 and lamin B1 levels determined by western blotting using the appropriate antibodies (1:1000), as described above.
Finally, cellular Nrf2 levels were also determined by immunofluorescence. SMC were grown on glass coverslips and following treatment, cells were fixed with cold acetone at 4°C for 5 min, washed twice with PBS, and incubated with blocking buffer (3% BSA, 5% goat serum, and 0.1% Triton X-100 in PBS) for 30 min at room temperature. After a brief wash with PBS, cells were incubated with an antibody against Nrf2 (1:100 dilution) in blocking buffer for 1 h at room temperature. Coverslips were washed and incubated with AlexaFluor®488 goat anti-rabbit IgG (1:1000) in blocking buffer for 45 min at room temperature. Coverslips were then washed, mounted on glass slides, and images obtained with a Bio-Rad Radiance 2000 confocal system coupled to an inverted IX70 inverted microscope and a digital camera.
Chromatin immunoprecipitation (ChIP) assay
ChIP assays were performed using the ChIP assay kit from Upstate Cell Signaling Solutions (Charlottesville, VA). Briefly, proteins and DNA were cross-linked with formaldehyde and cells lysed in SDS-lysis buffer and then sonicated. Sheared chromatin was immunocleared with protein agarose-A and a portion of the precleared chromatin was stored and labeled as "input DNA". The remaining chromatin was immunoprecipated with IgG (control) or Nrf2 antibodies, and immunoprecipitates washed sequentially with wash buffers. Protein-DNA complexes were eluted from the antibody with elution buffer (1% SDS, 0.1 M NaHCO 3 ) and formaldehyde cross-links reversed by addition of NaCl (5 M) and heating at 65°C for 4 h. DNA was purified and PCR performed using a primer pair that spanned the mouse HO-1 E1 enhancer. The primers used were: E1 forward, 5′-AAGAGCTCCACCCC-CACCCA-3′ and reverse, 5′-GGGCTAGCATGCGAAGT-GAG-3′. A 1.5% agarose gel with ethidium bromide was used to separate and examine the PCR products.
MAPK and PI3K activation
MAPK and PI3K activity were determined by western blotting using phospho-specific antibodies (1:1000) [10] .
NO synthesis
NO synthesis was assessed by measuring the accumulation of nitrite, the stable oxidation product of NO, in the culture media, as we previously reported [7] .
Cell viability
Cell viability was assessed by measuring the uptake of trypan blue while apoptosis was monitored by measuring DNA laddering via agarose gel electrophoresis, as we have previously described [10] . 
Statistics
Results are expressed as the means ± S.E.M. Statistical analysis was performed with the use of a Student's two-tailed t test (n = 3-5), or with an analysis of variance when more than two treatment groups were compared (n = 6). P b 0.05 was considered statistically significant.
Results
Treatment of vascular SMC with several different NO donors stimulated the expression of HO-1 mRNA (Fig. 1) . The induction of HO-1 does not appear to depend on the redox state of NO. SNAP and SNN which release NO in physiological buffers markedly enhanced HO-1 expression. Similarly, SNP, an iron nitrosyl complex that liberates NO + , induced HO-1 expression. In addition, Sin-1 which releases stoichiometric amounts of NO and superoxide and promotes the formation of peroxynitrite, stimulated the accumulation of HO-1 mRNA. Interestingly, Angeli's salt, a spontaneous generator of NO − , also induced the expression of HO-1. To determine whether increases in HO-1 expression in response to NO involves transcriptional activation of the gene, SMC were transiently transfected with a HO-1 promoter construct and promoter activity monitored. Cadmium, an established activator of the HO-1 promoter [24] induced an approximate 5-fold increase in promoter activity ( Fig. 2A) . All the NO donors stimulated between a 2-and 4-fold increase in HO-1 promoter activity ( Fig. 2A) . Furthermore, the induction of HO-1 promoter activity by SNP was concentration-dependent (Fig. 2B) . Interestingly, mutation of the AREs attenuated basal activity and abolished the response to SNP (Fig. 2C) . These results indicate that NO activates HO-1 transcription via the ARE. Since the transcription factor Nrf2 binds and activates the ARE, the role of Nrf2 was investigated. For this, we employed a dominant-negative mutant that had its activation domain deleted. Transfection of SMC with the dominant negative mutant blocked the induction of HO-1 by SNP (Fig. 2C) . In contrast, the signaling molecule cGMP was unlikely to contribute to NO-stimulated HO-1 promoter activity since the soluble guanylate cyclase inhibitor, ODQ, or the protein kinase G blocker, KT5823, had no effect on the induction of HO-1 promoter activity (Fig. 2C ). Experiments done with SNAP yielded similar results (data not shown).
EMSA using an ARE probe corresponding to the mouse HO-1 promoter detected a complex that was significantly increased in intensity by the NO donors, SNP, SNAP, and Sin-1 (Fig. 3A) . Since the transcription factor Nrf2 appears critical for ARE-mediated gene expression (Fig. 2C) , we explored whether NO stimulated the binding of Nrf2 to the ARE. Indeed, supershift EMSA reactions using an antibody directed against Nrf2 retarded the migration of the ARE complex, indicating the presence of Nrf2 in the ARE-nuclear protein complex (Fig. 3A) . NO donors also stimulated the expression and nuclear localization of Nrf2. Immunofluorescence experi- ments demonstrate weak, diffuse staining of Nrf2 in control, untreated SMC, however, SNP-treatment results in a marked increase in nuclear Nrf2 staining (Fig. 3B) . The nuclear accumulation of Nrf2 by NO donors was also corroborated by western blotting (Fig. 3C) . Interestingly, NO also induces a rapid and prolonged elevation in total Nrf2 protein in vascular SMC (Fig. 3C ). An increase in Nrf2 protein was observed following 1 h of NO exposure and this persisted for 24 h. In addition, NO stimulated a delayed increase in Nrf2 mRNA with a significant increase in Nrf2 message observed after 4 h of SNP-treatment (Fig. 3D) . Interestingly, the induction of Nrf2 protein by NO preceded the increase in Nrf2 mRNA, suggesting that NO stimulates Nrf2 expression via both transcriptional and posttranscriptional mechanisms. To further assess the involvement of Nrf2 in HO-1 transcription, we determined the binding of Nrf2 to the HO-1 enhancer E1 in its native chromatin environment. ChIP assays with an antibody directed against Nrf2 revealed the binding of Nrf2 to the E1 enhancer and this binding was substantially enriched after treatment with SNP or SNAP (Fig. 3E) . In subsequent experiments, we determined the upstream signaling pathway that mediates the activation of Nrf2. Since MAPK and PI3K have been implicated in the activation of Nrf2 [25] , the involvement of these proteins was examined. Treatment of vascular SMC with SNP resulted in the rapid activation of ERK1/2, JNK1, p38 MAPK, and PI3K, as reflected by the phosphorylation of Akt (Fig. 4A) . Activation of these proteins was observed within 5 min, and with the exception of p38 MAPK, persisted for 30 min following SNP exposure. However, pretreatment of vascular SMC with the ERK inhibitor, U0126, the p38 MAPK inhibitor, SB203580, the JNK inhibitor, SP600125, or the PI3K inhibitor, LY294002, had no effect on SNP-mediated nuclear Nrf2 accumulation (Fig. 4B) . The effectiveness of the pharmacological inhibitors for their respective enzymes was confirmed in SNP-treated SMC (data not shown). Alternatively, since oxidative stress is a well characterized activator of Nrf2 [17, 25] and inducer of HO-1 [26] the role of reactive oxygen was also investigated. Interestingly, pretreatment of SMC with the antioxidants, ascorbate and N-acetyl-Lcysteine, completely abrogated the increase in both nuclear and total Nrf2 evoked by SNP (Fig. 4C) .
We next determined whether endogenously derived NO also induces HO-1 promoter activity. Treatment of vascular SMC with a cytokine mixture consisting of interleukin-1β (10 ng/ml), tumor necrosis factor-α (20 ng/ml), or interferon-γ (200 U/ml) resulted in a significant increase in NO synthesis and this was associated with an approximate 2-fold increase in HO-1 promoter activity (Fig. 5) . Interestingly, the NO synthase inhibitor methyl-L-arginine (1 mM) blocked the cytokinemediated synthesis of NO and, in part, the increase HO-1 promoter activity (Fig. 5) .
Finally, the functional role of HO-1 during nitrosative stress was examined. Treatment of SMC with SNAP or SNN induced rounding and blebbing of SMC and this was associated with a significant decrease in cell viability (Fig. 6A ) and pronounced DNA fragmentation (Fig. 6B) . Interestingly, the addition of the HO inhibitor zinc protoporphyrin-IX enhanced SNAP or SNN-mediated cell death and DNA laddering ( Fig. 6A and B) . In the absence of NO however, zinc protoporphryin-IX failed to stimulate cell death or DNA fragmentation.
Discussion
In the present study, we characterized the signaling pathway by which NO stimulates HO-1 gene transcription in vascular SMC. We found that diverse reactive nitrogen species stimulate HO-1 mRNA expression and promoter activity by inducing the formation of the Nrf2/ARE complex. The activation of Nrf2 is independent of the MAPK or PI3K pathways but is dependent on oxidative stress. In addition, we show that the induction of HO-1 by NO functions in an autocrine manner to limit SMC apoptosis. These findings implicate the Nrf2-HO-1 signaling cascade as a crucial modulator of vascular cell survival during periods of nitrosative stress.
Treatment of vascular SMC with a number of structurally dissimilar NO donors stimulate HO-1 mRNA expression; however, the magnitude of HO-1 induction is quite different with SNP, SNAP, and SNN being the more potent inducers. Interestingly, this contrasts with the modest, but comparable, stimulation of HO-1 promoter activity (2-to 4-fold) evoked by all the NO donors, suggesting additional mechanisms by which some NO donors may regulate HO-1 expression. In this respect, SNN has also been shown to increase HO-1 mRNA stability in several cell types, including vascular SMC [8, 14] Furthermore, some NO donors may induce HO-1 mRNA expression via a NO-independent pathway that may exert posttranscriptional effects. In particular, SNPmediated stimulation of HO-1 expression and activity is partially antagonized by the iron chelator deferoxamine, suggesting a role for this metal in regulating HO-1 expression [6, 27] . Our finding that nitrosative stress stimulates the murine HO-1 promoter in vascular SMC is consistent with most, but not all, studies demonstrating that NO activates the human HO-1 promoter [28] [29] [30] [31] .
Although the induction of HO-1 by NO is widely appreciated, the signaling pathways leading to the transcriptional activation of HO-1 have not been fully characterized. Since the activation of soluble guanylate cyclase and the consequent formation of cGMP mediate many of the biological actions of NO, we initially determined the involvement of this pathway. However, treatment of SMC with the selective inhibitor of soluble guanylate cyclase, ODQ, or with the protein kinase G inhibitor, KT5823, did not prevent the induction of HO-1 promoter activity by NO. Failure of these inhibitors of the cGMP pathway to block HO-1 gene transcription is in-line with previous work showing that lipophilic cGMP analogues are unable to stimulate HO-1 expression in vascular cells [6] [7] [8] . Instead, we found that activation of HO-1 transcription by nitrosative stress occurs via the Nrf2/ARE complex since mutation of the AREs abrogates the stimulation of HO-1 promoter activity by NO. Furthermore, NO stimulates Nrf2 expression and the translocation of Nrf2 from the cytosol to the nucleus. Moreover, EMSA and ChIP assays detected increased Nrf2 binding to the HO-1 ARE and E1 enhancer, respectively, following NO exposure. Finally, a role for Nrf2 in the induction of HO-1 promoter activity is also demonstrated by the ability of a dominant-negative mutant of Nrf2 to abolish the activation of HO-1 promoter activity in response to NO.
Our finding that NO stimulates the activation of Nrf2 in vascular SMC extends recent studies showing that NO induces the nuclear translocation of Nrf2 in endothelial, neuroblastoma, and cardiac cells [32] [33] [34] . Since MAPK and PI3K have been reported to activate Nrf2, the role of these kinases in regulating Nrf2 activation was investigated. However, pharmacological inhibition of either the MAPK or PI3K pathway had no effect on the mobilization of Nrf2 by NO. This contrasts with the findings in vascular endothelium, where NO-mediated Nrf2 activation is partially dependent on MAPK activation, suggesting that MAPK may activate Nrf2 in a cell-specific manner [32] . Interestingly, we found that the antioxidant-reducing agents ascorbate and Nacetyl-L-cysteine, are capable of blocking the activation of Nrf2 by NO in SMC. The observation that antioxidants prevent the activation of Nrf2 by NO in this study is consistent with previous reports showing that antioxidants suppress NO-mediated HO-1 gene expression in vascular cells [8, 32, 35] . The mechanism by which oxidative stress activates Nrf2 is not completely known but several cysteine residues in Keap1 are capable of undergoing redoxdependent alterations that may result in the liberation of Nrf2 and/or the inhibition of Keap1-dependent ubiquitination and degradation of Nrf2 [16, 17] .
The physiological relevance of NO-mediated stimulation of HO-1 gene transcription is supported by the capacity of endogenously released NO to stimulate HO-1 promoter activity. Treatment of SMC with a cytokine mixture composed of interleukin-1β, tumor necrosis factor-α, and interferon-γ stimulates the expression of inducible NO synthase and a significant increase in NO production [6] [7] [8] 10] which is associated with a significant rise in HO-1 promoter activity. Although the NO synthase inhibitor, methyl-L-arginine, prevents the cytokine-mediated increase in NO formation, it only partially offsets the increase in HO-1 promoter activity. This is consistent with our previous work [7] showing that NO synthase inhibition partially blocks cytokine-mediated HO-1 protein expression and suggests the presence of an additional NO-insensitive pathway by which cytokines can induce HO-1 gene expression in these cells. In this regard, interleukin-1β has been shown to stimulate HO-1 expression in a NO-independent manner [36] .
The induction of HO-1 in vascular cells likely represents an important adaptive response to ameliorate the deleterious effects of nitrosative stress. Consistent with earlier reports [37, 38] , we found that NO induces apoptosis in vascular SMC. Interestingly, NO-mediated SMC apoptosis is potentiated following the inhibition of HO activity, indicating that the induction of HO-1 by NO promotes cell survival. The cytoprotective action of HO-1 is likely mediated via the release of carbon monoxide since we previously reported that carbon monoxide is the only HO-1 product capable of inhibiting SMC apoptosis [10, 20] . Consistent with this notion, carbon monoxide has recently been demonstrated to protect against the cytotoxicity evoked by NO in an epithelial cell line while the bile pigments, biliverdin and bilirubin, failed to confer resistance to NO-mediated toxicity [39] . Notably, stable expression of dnNrf2 or knockdown of Nrf2 expression by RNA interference in neuroblastoma cells sensitizes them to NO-induced apoptosis [33] . In contrast, overexpression of wild type Nrf2 protects these cells from the cytotoxic action of NO. Thus, Nrf2 may function as a key transcription factor in the cytoprotection of tissues against nitrosative stress.
The ability of NO to induce HO-1 may be of pathophysiological significance. Both inducible NO synthase and HO-1 are induced following balloon angioplasty or in atherosclerotic lesions [40] [41] [42] . Under these conditions, the expression of HO-1 may serve to protect against the detrimental effects associated with the high output NO synthase enzyme. Given recent work identifying vascular SMC apoptosis as a critical process in mediating plaque vulnerability [43] , the capacity of HO-1 to block NO-mediated SMC apoptosis may contribute to plaque stabilization. Consistent with this notion, a recent clinical study found that HO-1 expression is more prevalent in carotid atherosclerotic plaques obtained from asymptomatic patients [44] . Furthermore, the antiapoptotic action of HO-1 may also govern lesion size by attenuating the development of the acellular lipid core [45] . Thus, the ability of HO-1 to block SMC apoptosis as well as SMC proliferation [46] may play an important role in promoting homeostasis at sites of arterial injury by limiting intimal thickening and plaque size and vulnerability.
In conclusion, the present study demonstrates that NO induces HO-1 gene transcription via the Nrf2/ARE complex in vascular SMC. In addition, it found that the activation of Nrf2 by NO is dependent on oxidative stress and that the induction of HO-1 functions in autocrine fashion to counteract NO-mediated apoptosis.
